In this paper, the steady lift force acting on a slender body moving beneath regular wave systems of arbitrary wavelengths and directions of propagation is considered. The momentum conservation theorem and the strip method are used to obtain the hydrodynamic forces acting on the body and affecting its motions on the assumption that the body is slender. In order to obtain the vertical steady force acting on it, or the free surface suction force, the second-order hydrodynamic forces caused by mutual interactions between the components of the first-order hydrodynamic forces are averaged 
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steady force including two main components thereof. The first component is caused by interaction between the wave diffraction and incident wave potentials, and the second is due to interaction of the body motions and the incident waves. A methodology to estimate the first-order oscillatory motion of the body, the second-order time-average vertical force and the pitching moment proposed in terms of Kochin's function by Lee & Newman (1971) .
However, those studies were restricted to twodimensional cases, and no calculated results were presented.
In the present study, a calculation algorithm based on a combination of the momentum conservation theorem and the strip method is developed to obtain the wave-induced motions of the body (heave, pitch, sway, yaw and roll).
Using motion responses, the free surface suction force is calculated and discussed. 
Mathematical formulation 2.1 Coordinate systems
As shown in Fig.1 , the O-XYZ coordinate system is fixed in space, the XY plane coinciding with the undisturbed free surface. G-xyz is a coordinate system moving at the average velocity of the body, and its origin G is located at the mean position of the center of mass of the body distance h beneath the free surface. The Z-and z-axes are directed vertically upward. An incident wave of wavelength λ and amplitude A propagates in the X-direction. The body moves with velocity U, angle of attack α and wave encounter angle β.
Fig. 1 Coordinate systems
As mentioned above, the strip theory is employed assuming that the body is slender.
The fluid flow is assumed to be incompressible, inviscid and irrotational, and the motion of the free surface is very small.
Force acting on a strip in z-direction
For harmonic wave motions, the velocity potential of the flow around the strip of the body located at x = x* is ( ) The total hydrodynamic force acting on the surface S o is obtained as follows: 
The time-average value of the first-order hydrodynamic force, i.e. the first term in the right-hand side of eq. (8) Substituting the expression for the total potential given by eq. (1) into eq. (9), we have
( 1 0 ) where,
The symbol * denotes the complex conjugate.
The function sz f is the steady suction due to the body advancing with velocity U under calm water, and 
( 1 7 ) Using the sectional free surface suction force at x=x* from eqs. (14)- (15) Here, the equations are derived by use of the strip displacement in z-direction (see Fig. 4 ). where n 4 =yn 3 -zn 2 is the roll moment arm, from G to the body surface.
Motion responses
In the linear strip theory, the body motions are divided into two parts. The first is heave-pitch coupling, and the second is sway-yaw-roll coupling. They are both obtained under the assumption of small motions and negligible surge. The motion equations are as follows (24) is omitted here.
Solving the motion equation (24), we obtain the motion responses X j (j=2~6). From the responses, the velocities of any strip at x=x*, which are used in eqs. (18) and (19), are derived. 
(1) depth (1) 1.2b/2 (2) 1.5b/2 (3) 2.0b/2 (4) 3.0b/2 (5) 4.0b/2 (6) 6.0b/2 U=0; β=90 
(2) depth (1) 1.2b/2 (2) 1.5b/2 (3) 2.0b/2 (4) 3.0b/2 (5) 4.0b/2 (6) 6.0b/2 U=0; β=90 1.8 depth (1) 1.2b/2 (2) 1.5b/2 (3) 2.0b/2 (4) 3.0b/2 (5) 4.0b/2 (6) 6.0b/2 U=0; β=150 
